Introduction
Bridge construction is in steady progress, in technological innovation and systematization of the construction process to improve execution, ensuring the safety and quality, and to achieve the optimization of means employed.
The use of precast deck systems in bridge construction requires structural joints between decks and between deck and girder too. Different studies of joints such as the "Poutre Dalle" system or the loop joint system in segmented precast deck were carried out some years ago 1 , and more recently new theoretical and experimental works have been carried out 2, 3, 4 . In the NCHRP report 173 5 , a summary of cast-in-place concrete connections for precast deck systems is presented.
The previous mentioned experiences deal with the joint between precast elements typical of precast construction. However, the current state of the art also offers many solutions in the construction of bridges and viaducts using cast-in-place technology. Castin-place construction is common in road and rail bridges but adapted to the particular characteristics and conditions imposed by the limits of deformability and the rail traffic actions. If no particular obstacles have to be crossed, the span of most bridges is limited to 30 to 60 metres. In these cases, a continuous post-tensioned concrete beam (box girder)
is one of the most suitable solutions.
For long viaducts, movable span-to-span scaffolding is normally used. However, the maximum resisting capacity of this auxiliary equipment could limit the maximum achievable span-length to be built, due to the huge self-weight per unit length of the total cross-section. One possible solution is to split the longitudinal casting of the bridge in two phases (staged construction). In the first stage, the "U" drawer including bottom slab and webs is executed and when the concrete strength is reached, the post-tensioning is Accepted Article Structural Concrete introduced and the formwork advanced to the next casting position. In a second stage, the upper slab until completing the box is built (see figure 1 ) supported on the previous phase.
In the first phase, the weight of the cross-section is less and therefore longer spans are feasible with standard formworks available. In the second phase, the already built first phase is self-supporting and able to accommodate the additional weight transmitted by the fresh concrete.
Figure 1. Typical construction of concrete box-girder in two phases (staged construction).
One of the main disadvantages of this staged construction where the casting of the cross-section is implemented in two phases (box girders) is the limited performance and handling inside the cross section due to the obstacle produced by the reinforcing bars waiting for the connection of the second phase.
This technique also implies to generate two construction joints in the cross section.
The use of splices by overlapping bars (force transfer between two spliced bars) usually leads to significant lengths of the reinforcing bars. Moreover, these procedures involve construction difficulties in the withdrawal of the inner formwork through the the end of the completed section (see figure 2 ).
Accepted Article Figure 2 . View of the important length of overlapping bars that difficult formwork operability.
The aim of the work presented here is to design, develop, and evaluate experimentally a modified type of structural joint between concrete slab segments of reduced development length that requires shorter overlap lengths. With a shorter length of the splices, the above mentioned operational difficulties can be avoided. The proposed joint may be of great interest and applicability not only in the span-by-span construction of new bridges, but also in cases of repair/strengthening solutions where connections between different concreting phases are involved.
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The design concept is based on the development length of an anchorage hook stiffened by transverse reinforcement bars (see figure 3 ). The main difference between previous researches on joints between precast elements and the one proposed here is the positioning of the longitudinal rebar (U-bar spacing). Previous works on loops joints use a U-bar spacing "s" between longitudinal rebars, whilst in this investigation the U-bar spacing "s" between the pair of overlapping rebars is null. This difference is due to the type of construction, being cast in-situ and not precast concrete. The design concept is based on an anchorage hook of reduced development length stiffened by transverse reinforcement bars. The application of this type of structural joints in concrete structures presents some advantages as: 1) Ease of manoeuvrability inside the cross section, 2) Significant reduction of overlap lengths 3) Easy removal of the internal formwork 4) Reduced material in reinforcing bars 5) Increased safety at work. So, the overall improvement in the execution performance at work is increased.
The mechanical behaviour of the proposed joint in terms of stiffness and strength needs to be investigated. Moreover, the structural joint must be highly durable. Many serviceability problems such as cracking and water leakage at transverse joints can appear in bridges if these issues are not well solved. Therefore, studies focusing on the strength, stiffness and serviceability of the joints must be conducted, before the application in real structures.
The work reported in Villalba 6 
Basis of joint design
The use of splices by overlapping bars (force transfer between two spliced bars by bond) is defined in this section. The calculations for the bar anchorage and lap lengths and end hook, as defined in German Code DIN 1045 9,10,11 are presented.
The development length concept for the splices of hook reinforcement by bond was used for the design of details of standard loop joints. Using the development length for a deformed bar in tension terminating in a standard hook according to DIN 1045, details of standard loop joints could be determined (see figure 4) . The hook splices length of 
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where: Accepted Article Structural Concrete The flexural tests were carried out through a 3-point loading tests were carried out to investigate the mechanical behaviour of loop joints loaded by a combination of bending and shear. The slabs were simply-supported on elastomeric bearing pads. 

Loading
The slabs were simply supported at both ends and the loading was applied using a hydraulic jack of 1MN capacity at the mid-span of the slab (see figure 6 ). The static loading tests were performed starting with an initial preload of 5kN, followed by an increasing load "ramp" using displacement control. The velocities adopted were 0.0075 mm/s and 0.03 mm/s for all slabs.
Figure 6. Loading set-up
Instrumentation
The measurement arrangement is shown in table 3 and figure 7. Twelve strain gauges (GA) were used in LE and LD slabs. Eight of these gauges were attached to the longitudinal bars at mid-span, specifically, at the beginning of the loop anchorage.
Remaining gauges were attached to the transverse reinforcement bars. Joint opening and crack widths were measured from the initiation of loading using three magnetic transducers (TEMP1, TEMP2, TEMP3 in figure 7 ). Deflection was measured at the midspan of the specimens and supports using seven LVDT (3 LVDT at mid-span, 2 LVDT at
meters from supports, and 2 LVDT at supports). With this disposition of LVDT it is
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In LR slabs four strain gauges were used (see figure 7 ). These gauges were attached to the tensile longitudinal bars at mid-span. The remaining instrumentation (LVDT and magnetic transducers) is the same as for LE and LD slabs. 
Accepted Article Structural Concrete This difference is around 55 to 65 %. It can be due to the fact that the steel ratio in the joint width is twice in LE and LD type slab than in LR slab.
For load values 60% of the ultimate load up to failure is observed how strain curves of longitudinal rebars in LE and LR type slabs become closer for load values 2) The transverse reinforcement acts by means of a dowel action to the relative movement between loop longitudinal reinforcements, and 3) The reinforcement provides internal confinement to concrete at the loop joint. The experimental results show that the response of transverse rebars in specimens with loop joints has been different to the theoretical behaviour as can be seen in figure11.
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The LE and LD type slabs show a lower strain than expected. This behaviour seems logical because, in LE type slab, there is not enough transference length to mobilize the tensile transverse force by a strut compressed at 45º.
From the results, it is observed how the strain at transverse bars develops mainly when longitudinal bars start yielding (see figure 11 ). The transverse reinforcement is used as an equilibrium mechanism to the relative movement between loop longitudinal rebars that assures the correct force transfer. The effectiveness of the loop joint has a strong relation with the fact that the reinforcement provides internal confinement to the concrete at the loop joint length without cracking. The confined concrete and the transverse reinforcement provide stiffness to the joint. This stiffness is understood as a relationship between force and displacement. The stress in the transverse rebars remains always lower than the yield limit and the strain in the bars located at the bottom part of the joint is approximately twice the strain of the bars located at the middle height of the joint. 
From the results, in figure 12 it is observed that the existence of the discontinuity in slabs, induced by the concreting joints, plays a significant role in the early increase of deflection to premature loads. This trend is less significant for load level close to yield stress. Therefore, it is observed how the LD type slabs have more stiffness and their deflection is smaller. This behavior is due to a higher stiffness in the joint of 715 and 900 mm length with double steel ratio. Also, the concreting joints in LD type slabs are located at a longer distance from the acting load. the maximum crack width cannot be predicted, but is possible to predict a crack width with certain probability of not being exceeded 14 . The calculated opening joint for different load levels is shown in table 8. Figure13. Load-joint opening curves of LE, LD and LR specimens with 20 mm diameter.
Comparison with simplified analysis of width crack according to EHE .
Figure14. Load-joint opening curves of LE, LD and LR specimens with 25 mm diameter.
Comparison with simplified analysis of width crack according to EHE . Accepted Article
Figure19. Crack pattern in LR1_03_07_08
Figure20. Crack pattern in LR2_21_07_08
Conclusions
From the results of the test carried out in the loading up to failure (static load test) of reinforced concrete slabs the following conclusions may be drawn:
1. The LE type slab is a new modified type of structural joint where the force transfer into the loop joint is due to the deviation forces in the hooks, which are equilibrated by Accepted Article Structural Concrete the compression in concrete. The transverse rebar is used to enhance the concrete confinement, equilibrating splitting perpendicular forces to the loops.
2. The member with loop joint LE exhibited a similar serviceability (deflection) and ultimate behavior (failure load) than ordinary LR members without joint in the range of the loop joint lengths (275-300 mm) and loop rebar diameters (20-25 mm) considered in this study. The LE type slab showed an opening joint larger than the other type (LR) due to less tension-stiffening effect and the poor bond due to the lack of transference length.
However, the crack widths (opening joint) of specimens are not bigger than the theoretical values predicted by the Codes. Also, from the results obtained, the LE joint type proposed here is validated in the sense that loading tests confirm the correct performance and effectiveness of this loop joint type under static loads.
3. The higher load capacity obtained in LD slabs over LR and LE, is due to a higher stiffness in the joint length with cracking controlled inside it. The increase of stiffness is due to a 720 and 900 mm joint length with double steel ratio.
4.
For load values up to 60% of the failure load is observed a lower strain (in the order of 60%) of the longitudinal rebars for LE and LD joints. This is because the steel ratio in the joint length is twice in LE and LD type slab than in LR slab.
5. The existence of the discontinuity in slabs, induced by the concreting joint, plays a significant role in the early increase of deflection to initial loads.
6. The weakest points (those where cracking appears first and failure occurs) in the elements are at the end and the beginning of the loop joint, where there is a significant change of strength and stiffness due to the different reinforcement ratio. a) The bottom transversal reinforcement capacity must be higher than the one corresponding to the overlapping rebars (longitudinal reinforcement) and should control the width of the transverse crack.
U s, bottom transv. bars ≥ U s, overlapping long. bars U is the transversal capacity of the reinforcement, i.e., the total reinforcement area times the yielding strength.
b) The total transverse reinforcement (bottom, middle, and top cross reinforcement) acts through a dowel action to the relative movement between loop longitudinal rebars and assures the correct force transfer (see figure21).
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c) The total transverse reinforcement provides internal confinement to concrete at the loop joint. This provides stiffness to the joint.
The fatigue behaviour and capacity of the proposed joint in front of cyclic loading has been also verified 8 .
Figure21. Dowel action effect.
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